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NG‘] _ IZJ’ sy ABSTRACT

Experimental apparatus for the study of accelerating flames in a two-
phase mixture consisting of a liquid fuel spray in a gaseous oxidizer is de-
scribed. Observations of the development of detonation in liquid kerosene-
oxygen mixtures made by means of streak self-light photographs in a
1-1/2 inch square plexiglas tube, initially at atmospheric pressure and
room temperature, are reported.

Due to the slow reaction kinetics of a two-phase system, as compared
to a homogeneous gascous mixture, acceleration of the combustion front was
found to be controlled primarily by the flow field ahead of the flame and this
was attributed to the effect it had on the power density of energy deposition
in the reaction zone. Results of experimental observations represented on
the induction time-distance plane demonstrate a distinct dependence of the
plot on the manner in which combustion was initiated, the time to distance
ratios being larger when it occurred at a point than in the cases when it started
in the form of a bulk explosion.

Results of numerical thermodynamic-~equilibrium analysis of pressure,
density, temperature, velocity and Mach number for Chapman-Jouget detonations
are given as a function of stoichiometric ratio. Velocities of detonation computed
for the same initial conditions of a purely gaseous system have been shown to be

identical to those of spray combustion, but the corresponding pressure increase

in the gas was lower. W@
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EXPERIMENTAL APPARATUS

Reaction Tube

The reaction tube, shown in Fig. 1, was constructed from 1/2 inch
thick plexiglas forming a square 1 1/2 x 1 1/2 inch cross section over a
length of 75 inches. The sides were glued together and then the tube was
held in compression over its full length by 1 inch steel angles at each
corner fastened by seven clamps. At 15 inch intervals the tube was fitted
with ignition ports made of brass bushings that screwed into the plexiglas

and were tapped to accommodate 18mm spark plugs.

Spray Head

The fuel was introduced into the tube through the spray head shown
in Fig. 2. The flow was divided into separate streams by a set of stainless
steel hypodermic tubes 1/4 inch long held in a brass plate by epoxy cement.
Three such plates were constructed; the first had 36 No. 24 tubes (0.0115
inches I.D.), the second - 18 No. 21 tubes (0.0195 inches I.D.), and the
third - 9 No. 18 tubes (0.0330 inches I.D.).

The top of the spray head had a thin metal membrane to introduce
acoustic vibrations into the stagnation reservoir of the fuel. The purpose
of the vibrations was to cause the jets issuing from the tubes to break up
into uniform streams of drops. The fundamental theory of this phenomenon
has been developed by Raleigh, (12) Weber,(13) and  Chandrasekhar (14).
Characteristic features of the acoustic technique for the generation of
spray will be described in a separate report.

The spray head had provision for the introduction of oxygen or nitrogen
to the tube. Pure oxygen was used for burning and nitrogen for purging. Both
gases entered through sepérate ports parallel to the fuel tubes in an attempt

to reduce turbulence at the inlet section.



Fuel System

The fuel was stored in a military surplus breathing oxygen bottle with
a volume of approximately 500 cubic inches and then supplied to the spray
head by regulated nitrogen pressure.

The unburned fuel was trapped in a wedge-bottomed box and con-
tinuously pumped through a filter to a second fuel bottle which replaced the
supply when it was empty. The flow and control system is described

schematically in Fig. 3.

Ignition

The ignitor, shown in Fig. 4, was made from a Champion 18mm spark
plug. The center electrode was extended 3/8 inch and the ground electrode
was straightened. Then a strip of one mil aluminum foil 3/16 inch wide was
stretched across the gap and wrapped around each electrode. The foil burned
rapidly due to ohmic heating when 120 volts A.C. was applied across the
electrodes. The width of the foil was limited to approximately 3/16 inch in
order to insure that it would carry a maximum current of about 9 amps before

burning.

Records

All records were taken by means of streak self-light photography. Thus
a portion of one side of the tube was left as an unmasked slit along the tube axis
which was focused by means of a single objective lens on the film plane of a
rotating drum camera. A slit width of 2mm was found to pass sufficient light
to expose Kodak Tri-X film with an image size of 0. 07mm.

The camera used for the experiments was a Southern Instruments
Rotating Drum Camera, Model M1020. The 16 inch diameter drum was operated
at a peripheral speed of 300 inches per second. The objective lens was a 7T-inch
focal length /2.5 aperature, Kodak Aero-Ektar aerial camera lens. iThe
experimental set-up is shown in Fig. 6.

It was necessary to perform the experiments in complete darkness since

the early stages of burning were dim relative to normal background lighting.



Besides this, an automatic shutter was needed to prevent double exposure due
to slow burning at the top and bottom of the tube. The shutter mechanism is
shown in Fig. 5. Ignition timing was accomplished by the microswitch which
was closed by the shutter as it opened to the position of minimum acceptable
exposure. The mechanism was actuated by a selonoid and closed by a spring.
The spring tension was adjusted so that the shutter remained open for approxi-
mately one revolution of the drum camera and the microswitch trip-mechanism

was set, after several trials, to close at the acceptable exposure.

Drop Measurement

A shuttle mechanism that was made to sample drop sizes is shown in
Fig. 7 along with a typical record obtained with its use. Drops were caught
on the small plate coated with a smooth thin layer of silicone grease to pre-
vent wetting. The plate went through the stream twice as it went out and back.
The results were found to depend strongly upon the operator's skill and it was
observed that the acceleration at the end of the stroke was large enough to
cause coalesence of some drops.

The most reliable method for recording drop size was found to be
direct photography of the spray with a five-fold magnification using Polaroid
4 x 5 Land Film Packets and a short duration Xenon light source. A typical
example of the records obtained in this way showing drop formation near

the generator is represented by Fig. 8.

RESULTS
A set of typicai records are given by Plates 1 to 13. Self-light
streak photographs cleariy show the paths of the fiame fronis and the particies
in the combustion zone. In particular, one can observe the effect of rare-
factions and of shock waves by changes in luminosity as well as sharp deflections
in particle paths. The parallel lines crossing all of the records are the images

of the clamps spaced at 10 inch intervals along the tube length.



All records shown were made with an initial oxygen flow velocity of
1.7 m/sec corresponding to a Reynolds Number of 2800 based on the hydraulic
diameter of the tube. With the use of oxygen the burning process was repro-
ducible and the transition to detonation normally occurred within the 75 inches
of the tube length. Without the oxygen flow the burning process tended to die
out or travel at a relatively low velocity of 6 to 11 m/sec with almost no ob-
servable acceleration along its path. The introduction of the oxygen at high
flow rates disrupted the initially uniform drop streams after approximately
8 cm of flow. However, the effect on the distribution of drops in the lower
portion of the tube was unnoticeable since the drops were generally scattered
by wakes behind the drops by the time they had traveled 30 cm. With smaller
drop sizes this effect was more pronounced.

Two distinct types of records were obtained, depending on the type
of ignition that occurred. Characteristic of the first type are Plates 1 through
5. In these records the burning appears to have originated from a point source.
Examination of the ignitor after such runs showed the foil to be intact except
for a hairline burn across its width.

Examples of the second type of record are shown in Plates 6 through 9.
Here the ignition appears to have occurred in bulk over a finite width and
examination of the ignitor after these runs showed that almost the entire piece
of foil had burned,introducing a brilliant flash at the moment of ignition.

The reason for separating the two types of runs is shown in Fig. 9, where
time to detonation is plotted versus distance to detonation. It may be seen that
in the case of bulk ignition the transition occurred appreciably earlier than in
the case of point ignition. Figure 9 demonstrates also that the type of ignition
becomes iess important as the induction distance is shortened. The main cauges
of the two types of ignition were probably minute tears in the foil made during
preparation and the effect of the kerosene seeping between the electrodes and the
aluminum foil. The range of induction distances for all runs was found to be
about 0.3 to 1.5 meters.

The inlet stoichiometric ratio for the lowest flow rates (fuel/oxygen)

varied from 0.4 for the No. 24 tubes to 3. 6 for the No. 18 tubes, but no



correlation was made with flow rates. The detonation velocity was found to
vary from 1550 m/sec to 2200 m/sec; however it showed no consistent variation

with either plate size or flow rate as shown by inspection of Fig. 10.

DISCUSSION
One of the most significant features of the streak records is the
asymmetry of the flame world lines. The downstream flame always accelerated
more rapidly. This can be explained as a consequence of the long burning time
of drops (which is an order of magnitude larger than that of a flame in a homo-

(15)) combined with the relative velocities between

geneous gaseous mixture
the flame fronts and the drops. These two effects cause the downstream com-
bustion zone to be thinner and thus increase the power density of energy release.

A specific example of the effects mentioned above is graphically
illustrated by Fig. 11. The conditions correspond to the record of Plate 3,
at 13 m/sec. after ignition, giving upstream and downstream flame velocities
of 2.5 and 5.0 m/sec respectively. A 75 micron diameter drop traveling
3.0 m/sec would, in accordance with Godsave, (2) have a lifetime of 5. 62 msec.
It would thus release all of its energy within 1.1 cm of the downstream
flame front, but it would be 3.1 cm away from the upstream flame by the
time it is burned and release only 51% of its energy within the 1.1 cm distance
from the upstream flame front. A similar example with a 200 micron drop
shows that 38% would burn within 1.1 ¢m distance from the front of the down-
stream flame while only 8% would be consumed under similar conditions for
the upstream propagating flame.

As the downstream flame accelerates, its higher velocity tends to
increase the combustion zone width and thereby decrease the power density.
However, the pressure waves generated by the accelerating front pre-compress
the medium and cause the drops to burn more rapidly and thus allow the flame
to continue its acceleration. This is in agreement with the results of Hall
and Diederichsen (16) who demonstrated experimentally the enhancement of

the rate of combustion associated with an increase in chamber pressure.



It may be seen that in all cases the rarefaction following the downstream
flame slowed and then reversed the flow behind it as the flame accelerated.

This reverse flow, as measured from Plate 1, reached a velocity of 105 m/sec
at 15 cm below the upstream flame when the flame had a velocity of only

150 m/sec. The effect of this was again a decrease in the combustion zone or
an increase in the power density which allowed the upstream flame to accelerate.
Plates 2 and 12 show that the processes were identical irrespective of where
ignition occurred.

Although the upstream flame was accelerating, it is of interest to note
that the flame was normally transformed into a detonation by interaction with
the retonation from the downstream detonation. Examples showing that the
upstream flame could transform into a detonation by a continuous acceleration
are given in Plates 12 and 13. Plate 12 is a case where the ignitor was near
the bottom of the tube and the downstream flame passed out of the end before it
detonated but the rarefaction from it was sufficiently strong to initiate the
upstream flame's acceleration. In Plate 13 the upstream flame accelerated to
detonation before it was intercepted by the downstream detonation wave.

The drop-gas system was not homogeneous as are gaseous systems;
but the records revealed remarkably smooth combustion processes. Expansions
of the length scales for Plates 3 and 4 are given in Figs. 12 and 13 respectively
along with a plot of the downstream flame velocity and acceleration from Plate 3
in Fig. 14. These figures demonstrate that the observable smooth flame world
lines are associated with smooth variations in both the velocity and acceleration.
Similarly Plate 11 (an enlarged section of Plate 10) indicates that, in at least

some cases, detonation was achieved as the culmination of a continuously

a large discontinuity in velocity. The detonation wave velocity itself exhibited
these smooth characteristics notwithstanding the change in conditions along
the tube. This invariance of the detonation wave velocity is shown mdst

strikingly in Plate 6.



A plot of the flame world lines for Plate 5 is shown in Fig. 15. In
contrast to Figs. 12 and 13 the velocity was almost constant from 9 to 17 m/sec
after ignition. However, inspection of Plate 5 shows that this coincides with
the time that the flame passed through a region of much lower fuel concentra-
tion as demonstrated by the dark streak on the record there.

Perhaps one of the most significant features of Plate 5 is shown by
the path of the upstream flame which had zero absolute velocity during the
time the downstream flame passed through the region discussed above.

This suggests that the mechanism of feedback, due to the rarefaction behind
the downstream flame, influences the upper flame at a much earlier stage
than previously indicated.

The effect of drops which have hit the walls is shown by the particle
paths of Plates 5 and 9. While the rest of the drops were accelerated, the
drops at the walls remained motionless until they were disturbed by the large
reverse flow resulting from the rarefaction following the downstream flame.

A source program developed at the Propulsion Dynamics Laboratory an
was used to calculate the Chapman-Jouget conditions as a function of stoichio-
metric ratio. Computations were made for liquid fuel in pure oxygen (spray)
and also for gaseous hydrocarbon and oxygen. Analysis of the kerosene fuel
showed that it was largely composed of pariffins so the physical data of
dimethyl pentane was chosen as a model to match the molecular weight and

the heat of combustion. All other thermal data used in the program was taken
from the JANAF Tables.

Results of the computations are presented in Figs. 16 and 17. The
detonation velocity was found to have the same value irrespective of whether
the fuel was assumed to be initially in liquid or gaseous phase. The computed
detonation velocities (1700-2600 m/sec.) compared favorably with the measured
values (1550-2200 m/sec.). The pressure ratio across the detonation was
found to be higher for the spray than for the gas. This was attributed to the

large expansion of the fuel as it changed from liquid to gaseous phase.



SUMMARY AND CONCLUSIONS

Apparatus for the optical 6bservation of two-phase combustion was de-
scribed. It consists of: (a) a plexiglas tube of 1 1/2 x 1 1/2 inch cross-
section x 75 inches long, (b) the associated fuel and oxidizer supply systems,
and (c) the optical system consisting of a rotating drum camera fitted with an
automatic shutter. The system yielded streak self-light photographs of
accelerating flames in liquid kerosene-oxygen mixtures including the transition
to detonation.

Essential features of the development of the process were not affected
by the position of the ignitor. Detonations were observed to develop in a dis-
tance as short as 25 cm and as long as 150 cm from the point of ignition.

There has been a marked difference observed between the upstream
and downstream propagating flames. The latter always accelerated first.
This was explained on the basis of the extent of the reaction zone and con-
sequently the power density of energy release within the flame fronts. The
downstream flame always had a thinner reaction zone, dur to smaller
relative velocity with the stream, and thus a higher power density.

The transition to detonation of the upstream flame was normally caused
by the rarefaction behind the accelerating downstream flame which reversed
the flow and promoted the increase in power density of energy release by the
upstream flame.

The measured detonation velocities ranged from 1550 to 2200 m/sec.

This variation comes within the values predicted by theory.

ACKNOWLEDGMENT

The authors wish to express their appreciation to Messrs, Val Vesninsky,
Walter Giba, and Kenneth Hom for assistance in the construction of experi-
mental apparatus, to Mr. Arthur Warnock for aid in numerical computations
and to Mr. Robert Wickemeyer for help in the development of the techhique

for the generation of drops.



REFERENCES

Oppenheim, A. K., "Novel Insight into the Structure and Development
of Detonation", Astronautica Acta, 11, 6, pp. 291-400.

Godsave, G.A.E., "Studies of the Combustion of Drops in a Fuel
Spray -- the Burning of Single Drops of Fuel", Fourth

Symposium (International) on Combustion, Williams and

Wilkins Company, pp. 818-830, Baltimore, 1953.

Spalding, D. B., ""The Combustion of Liquid Fuels'", Fourth Symposium

(International) on Combustion, Williams and Wilkins Company,

pp. 847-864, Baltimore, 1953.

Williams, F. A.,, Combustion Theory, Addison-Wesley Publishing

Company, Inc., esp. Chapter 11, "Spray Combustion",
pp. 250-287, Reading, Massachusetts, 1965.

Burgoyne, J. H. and Cohen, L., "The Effect of Drop Size on Flame
Propagation in Liquid Aerosols'", Proc. Roy. Soc., A225,
pp. 375-392.

Rudinger, G., ""Some Properties of Shock Relaxation in Gas Flows
Carrying Small Particles", Phys. of Fluids, 7, pp. 658-663,
1964.

Panton, R. L., "Study of Nonequilibrium Two-Phase Flow of a Gas-
Particle Mixture'', Ph.D Thesis, University of California,
Berkeley, 1965.

Webber, W. T., "Spray Combustion in the Presence of a Traveling

Wave'', Eighth Symposium (International) on Combustion,

Williams and Wilkins Co., pp. 1129-1140, Baltimore, 1960.

10



10.

11.

12,

13.

14.

15.

16.

Cramer, F. B., "The Onset of Detonation in a Droplet Combustion

Field", Ninth Symposium (International) on Combustion,

Academic Press, pp. 482-487, New York, 1962.

Dabora, E. K., Ragland, K. W., Ranger, A. A., and Nicholls, J.A.,
"Two Phase Detonations and Drop Shattering Studies", 2nd
Annual Progress Report, NASA Contract No. NASr-54(07),
Washington, D. C., April, 1966.

Busch, C. W., Laderman, A. J., and Oppenheim, A. K., "Parametric
Study of the Generation of Pressure Waves by Particle-Fueled

Combustion', AJAA Second Annual Meeting and Technical

Demonstration, Paper 65-357, San Francisco, July, 1965.

Rayleigh, J.W.S., "On the Instability of Jets", Proc. London Math

Soc.,

Weber, C., "Zum Zerfall eines Flussigkeitsstrables", Z. angew Math

Mech., 11, 136, 1931.

Chandrasekhar, S., "Hydrodynamic and Hydromagnetic Stability",
pp. 515-576, Clarendon Press, Oxford, 1961.

Laderman, A. J., and Oppenheim, A. K., "Experimental Study of the
Development of Detonation'', Tech. Note DR 9, Contract No.
AF 49(638)-166, 1. E.R. Project No. 96895, University of

California, Berkeley, November, 1960.

Hall, A. R., and Diederichsen, J., ""An Experimental Study of the
Burning of Single Drops of Fuel in Air at Pressures up to

Twenty Atmospheres', Fourth Symposium (International)

on Combustion, Williams and Wilkins Company, pp. 837-846,

Baltimore, 1953.

11



12

17. Busch, C. W., Laderman, A. J., and Oppenheim, A. K.,
"Computation of Gaseous Detonation Parameters',
SSL. Tech. Note #6, Contract NAS8-2634, Series No. 5,
Issue No. 42, and 1. E. R. Report No. 64-12, Grant AFOSR-
AF-129-64, University of California, Berkeley, August, 1964.



REACTION TUBE

;
1.5 25
- 2jg =
12}
IGNITION PORTS 00
ONE FACE ONLY \‘5'°
TAPED FOR 18mm. SN
SPARK PLUG o
10.0
{50
L 00
[ @)
150 1000 750

i
-
-

FIG. 1



SPRAY HEAD

-
\ B
"/ /Y/ L7

SR

W 3

5\§ S
| \\

FUEL CHAMBER
DIAPHRAGM

PLATE

FILTER

REACTION TUBE

O, AND N,CHAMBER

o 0bhwWwN

‘ E‘ \\\\\\\\\\@
(-]

FG. 2



,

W3LSAS MOT1d 40 DILVINIHOS € 9ld

3OVO UNSSINd

3214140

AANTVA DlY410313

@

®E3

P

ANTVA VANV
a
4V 1Sd 08
— L N
M
S @ Bad
1SNVH xm% ~——"13N4
N o
3GNL NOILOVIN— @
M e
P S




IGNITOR
FIG. 4

SHUTTER
FIG. 5




SNLVYVddV TVININId3dXT 9914

ddni 9 a¥vod TOHINOOE
dl3aHS s S ¥3L11NHSC
VH4INVO 1

13INVd TOHLNOD v

@____..
@//
o



DROP SAMPLER AND RECORD
FIG. 7




DROP STREAMS
FIG. 8




Gl

6 9Old
SH313N-NOILVNOLIAd OL 3IONVISI]

Ol . _ S0 OO 4

<

NOILINOI ¥1Ng + "
NOILINDI LNIOd © o ° o m
+ * N + H.O G

I m

& oz i

. o qu

. o 0€

+ o Ooomu m

m i

. ot X
, o ° -
os A

m

O

o © =

09 ¥




Ol 9Id

" 0991 0°¥v¢ ¥8°0 1344 T 9¢
" 0€8T 9°2¥ €870 . 0e¥ ¢ SL
" 0881 802 9L°0 0s¢ € S L
" 0661 ¢ q¢ 9L°0 009 4 8%
i 08LT 0°9€ ¥L°0 0%¢ T 9¢
0" 018T 9°¢g¢ ¥L°0 0ve T i)
i 0LLT €18 : ¥L°0 00¢ T S 8¢
" 0981 9°8¢ 69 "0 0TS 4 Ly
i - 0°8¢ 69°0 0¥3 T 8
0" 0891 0°0¢ 69°0 08¢ T ¥ 62
" 08L1 ¢ °'9¢ 69°0 115574 4 9
" 08ST 0°9¢ 99°0 0¥e T 144
" 0091 L°0g 65°0 0L¥ I I Ig
“ 0¥61 03¢ 8G°0 0%¢ T 02
" - 003 96°0 0¥¢ I 4 Gg
" 0v61 8°8T 960 089 (4 6%
0" 0091 0°1¢ 960 0%%¢ I 0t
" oLLT L9t £§6°0 ove 1 6
1 0E8T ¢l 8€°0 089 T ¢g
jurod 0402 G 0T 1€°0 c9s T 9 43
uoTIUd] *09s/W (spuooasifi) (si9jour) 9ouB)ISIJ uITW/wid 938y °ON 9Jeld  'ON *ON uny

£3100T0A UOTIERUO}d( O WIL], Uorjonpuy uo1jonpuy MOTJ Tong Keadg ?91e(d jJuswrxadxy



" - 9°9% LT 0¥2 t 1.
" 030¢ [AN4 4 LE'T 0%2 4 89
" - T°¥%% 9¢°1 )44 g 4
" - 0°6¢ ¥g°l 0%2 g gL
0" 0T1¢ 9°1¢ 6T°T 0%¢ g 6 0L
0" 0L8T 62 L0°T 0¥¢ 4 69
" 0802 0°Lg L6°0 144 T 19
0" 0112 L°S¢ 7670 0%3g T L €9
" 0G12 1°23 180 0%¢ T 79
i 0€LT L91 ¥L°0 (V4 T g1 11
" 06138 L 03 TIL°0 0¥3 T 8 S9
0" 0v6r1 €°a1 69°0 ove T ST
1" - T°LT ¥9°0 0%g T g1
" 0ITg g 91 86°0 0%¢ T 43
" 0€LY vt 760 06¢ T 0¢g
g 086T 8 Gl I6°0 0ve T 01 29
" - - - 74 T Al LE
" 09LT 0°6G LT°T 44 g 0§
" 0861 9°LS LO'T 089 € LS
" 0091 068 16°0 0%¢ T Le
" - ¥ '8¢ 1670 0¥2e 1 91
0" - 9°'%¥ 68°0 ove 4 L9
uonIus[ ‘09s/W (spuodosi[iwr) (saajowr) @oUBISIQ UIW /W3 aJey °ON 93Bld ‘ON ‘ON uny
AJI00I9A UOTIBUOJD(] QW] uorjonpuj uorjonpuy MO Tong Leadg 9jeld uswraadxy



Ll Old

53S/NO'G=A S
HIvd AV WNYIHLSNMOA N d0va 6. 50 LA,

J3S/NOE=A  Hlvd dOdd

/

SANOIISITIIN-FNIL
gt 0o

23S/INGZ=A
HLVd 3JNVTd IWVIH1LSdN




257

N
@
1

TIME -MILLISECONDS
Q

o
i

FLAME FRONT PATHS




FLAME FRONT PATH

for
PLATE 4

10

35

30-

10
Y

T

S 0
SANODISITUN-3NI L

10+

FIG.13



TIME-MILLISECONDS

15 E®)
VELOCITY AND ACCELERATION
for the
DOWNSTREAM FLAME

(Ld of L4

| PLATE 3 “
Q 0
20 o
N 3>
= 7
O p
° :
d 25
5 :
_J
L
SO
@),
<

O 5 10 15 20 25 30

FIG. 14



35

30+

. o N
g o o

TIME -MILLISECONDS

3

FLAME FRONT PATHS
for

PLATE 5

UPSTREAM
DOWNSTREAM

y— ma

02 04 06 08
X-METERS

10

FIG.15

12



N\

Ap—
AN
-

O o O <
d3I9NNN HOVIN-IN

N

2

.i

STOICHIOMETRIC RATIO - ¢

FIG. 16



A
—

N\

2

STOICHIOMETRIC RATIO - ¢

1

C o O <t
d39NNN HOVIN-IN

FI1G. 16



OlLvy Z)IH.LBWH_L’Q/\ -

00 © QA
10 10 0 L)

] 1° | ] *

N
OllVY 3HNSS3dd -d

A = o ) (10
T oIV Y IHNIVEIJNTL-1

13

2

1

STOICHIOMETRIC RATIO - ¢

FIG.17



O
10

®)
O

X-cm.




2sud- JINI

O 50 100
-cm.

50




150

307

iey

20

50 100
X-cm.

O

50




30+
257
20

107

“resW - AL




O 50 100 150
x..

50

m.

C




10

P9sSW- JINIL

O 50 100 150

50




100 150

50

O

5_1
O
50

i O
o9sud - JINIL

207
20-
5-

m.

C




X-cm.




50 100 180
A ~CITi

O

20




X-cm.




Ll 31V’1d

SIHONI-X
S 0Z Gl Ol

ol

O
oY

N
O3JSIN-3JNIL




TIME -msec.

00 50 O 50




5_

= =
JSW- JINIL

o 50 100 150

S50

X-cm.




